Introduction
In situ measurement of hydraulic properties of soil surface horizons is a fundamental requirement for physically based modeling of field infiltration and runoff processes. The disc, or tension infiltrometer [Perroux and White, 1988] , has become a widely used device for obtaining soil-surface hydraulic properties, usually at a small negative pressure head [Clothier and White, 1981 Although e is a function of the "shape" of the diffusivity function, its value is, in practice, quite small. It is of the order of e < 1/15, so that theoretically, its boundaries are given by 0 < e < 1 -2/,r, which are equivalent to the bounds given by White and Sully [1987] . This approach has the attraction of requiting only a single disc and a single supply potential to obtain So and K0 at any supply potential (provided 00 and O n are measured and the value for e is assumed).
Recently, Warrick [!992] has refined the short time solution by adding the geometric effect of the disc source to the one-dimensional solution. His analysis is partially empirical and assumes a constant average diffusivity, which is appropriate for the "linear" soil model [Philip, 1973] In this, the first in a series of papers, we provide an analytical expression for unconfined three-dimensional flow from the disc infiltrometer into soil characterized by a diffusivity that increases sharply with increasing water content. Initial application of the solution is illustrated using data obtained from disc infiltrometer experiments on repacked soil in the laboratory.
Theory
The general approach adopted is that of Turner and Parlange [1974] . We examine first infiltration without gravity. Our point of departure is the nonlinear diffusion equation describing absorption of water by nonsweIling homogenous isotropic soils at early times:
Introducing ( 
